ABSTRACT. Endometritis is one of the major diseases causing infertility in the cow. Intrauterine infusion of povidone-iodine (PVP-I) is a common treatment. However, the optimal concentration of PVP-I for treating endometritis effectively remains unknown. We tested concentrations of 2.0% or 0.5% PVP-I for treating clinical endometritis in dairy cattle. In Experiment 1, bacteria isolated from the uterus were incubated with either 2.0% or 0.5% PVP-I, and the numbers of bacterial colonies were counted. In Experiment 2, 18 cows with clinical endometritis were treated with either 2.0% or 0.5% PVP-I (n=9 in each group). Cytology samples and bacteria were collected using a cytobrush on weeks 0 (W0), 1 (W1) and 2 (W2) after treatment. Subsequent reproductive performance was compared between the two groups. In Experiment 1, both concentrations had a similar antiseptic outcome. In Experiment 2, the percentage of polymorphonuclear neutrophils (PMN%) in the endometrial epithelium at W2 in the 2.0% group was significantly lower (P<0.05) than in the 0.5% group, although the PMN% decreased significantly from W0 to W2 (P<0.01) in both groups. Decreases in bacterial infection rates from W0 to W2 were similar in both groups. The first service conception rate was higher, numbers of services per conception were fewer, and time to conception was shorter in the 2.0% group than in the 0.5% group. Thus, an intrauterine infusion of 2.0% PVP-I was better than 0.5% in treating clinical endometritis in these dairy cattle.
Bovine clinical endometritis is defined as the presence of a purulent uterine discharge in the vagina and an enlarged cervix beyond 3 weeks postpartum [24, 25] . Generally, uterine inflammation, such as endometritis or metritis, is caused by bacterial infections in the uterine lumen during the early postpartum period. These persist if they are left untreated and sometimes develop into pyometra [8, 21, 25] . Most of the cows suffering from these uterine diseases will exhibit anestrous with an extended luteal phase and can develop subfertility or infertility [4, 24] . Therefore, robust treatment interventions are required. Many therapeutic methods are employed, including the administration of hormones, such as prostaglandin F 2α (PGF 2α ) or estradiol, intrauterine infusions of antibiotics [14] or povidone-iodine (polyvinylpyrrolidone-iodine or PVP-I) [17] [18] [19] 26] . For problems with residual hormones or antibiotics [10, 20] , antibiotic-resistant bacteria [9] and withdrawal periods, safe and proper treatments to treat these uterine diseases are needed. Conversely, PVP-I has advantages that it does not require a withdrawal period and does not pass into the milk except in the case of excess administration [1, 2] . A concentration of 2.0% PVP-I is commonly used for treating endometritis and pyometra [20] . However, while intrauterine 0.5% PVP-I treatment has positive effects on bovine reproductive performance [17] , detrimental effects of 2.0% PVP-I treatment on fertility have also been reported [19] .
To exert an antiseptic effect, a high concentration of free iodine released from PVP-I is essential. The concentration of this antibacterial element peaks at 0.1% PVP-I [5, 28] . Based on this, lower concentrations of PVP-I are recommended for treating infections at surgical sites in human medicine [29] . However, iodine is deactivated easily by environmental organic matter [5] . Therefore, even while it shows the strongest antiseptic effect, 0.1% PVP-I might be too dilute because of possible presence of organic materials, such as pus or estrous mucus, in the uterus and not suitable in the field as the optimal treatment for endometritis or pyometra. Therefore, the adequate concentration of PVP-I and an optimal treatment protocol should be developed. Moreover, a more accurate method for monitoring uterine conditions is required to evaluate the therapeutic effects of PVP-I. In human and veterinary medicine, polymorphonuclear neutrophils (PMNs) collected using a cytobrush are commonly studied as biomarkers to monitor the severity of inflammation, and the relationship between a high PMN% in the female genital tract and reproductive disturbances [7, 22] . PMNs exhibit rapid chemotaxis towards pathogenic bacteria along with macrophages, and uterine inflammation can be detected rapidly as PMNs migrate into the endometrium [13] .
The aim of this study was to determine whether 2.0% 6 colony forming units/ml) with sterile physiological saline [27] . Aliquots of 50 µl of emulsion derived from each bacterial species were added into 450 µl of one of three different solutions, 2.0% or 0.5% PVP-I, or sterile physiological saline (control). The mixture (500 µl) was then vortexed for 5 sec and then allowed to stand for 30 sec. One hundred µl aliquots of mixture were inoculated onto agar media: Trueperella pyogenes and Streptococcus thoraltensis were placed on Mueller Hinton agar (Eiken Chemical Co., Ltd., Tokyo, Japan) with 5% defibrinated horse blood (Nippon Bio-Test Laboratories, Inc., Tokyo, Japan); Peptoniphilus indolicus and Bifidobacterium pseudolongum were placed on Gifu anaerobic medium agar (NISSUI Pharmaceutical Co., Ltd., Tokyo, Japan); and the others were put on Mueller Hinton agar. These were then incubated at 37°C for 24 hr. After incubation, bacterial colonies in control solution were counted from 1: 1,000 or 1: 10,000 dilution, and those in the two different PVP-I solutions were counted without dilution. The antiseptic effect of the two different PVP-I solutions was defined as the growth inhibition rate (in %) defined as the decreased rate of colony formation for each bacterial species compared with the number of colonies in the control solution, and the number of colony after a contact time of 30 sec with the two PVP-I solutions was counted.
Experiment 2: effects of intrauterine PVP-I in cows with clinical endometritis. Experiment 2 was conducted in the same herd as Experiment 1, where 166 milking HolsteinFriesian cows were kept in a free-stall barn and pasture; milked twice a day. The mean 305-day milk yield of this herd was 8,990 kg. A total of 18 cows of this herd were used. The age and parity (mean ± SD) were 3.7 ± 1.7 years and 2.3 ± 0.7, respectively. All of the 18 cows studied had calved normally, no periparturient disorders and no history of disease until used for this study. After at least 5 weeks postpartum, 34-268 days (83.4 ± 77.0), all of the animals were diagnosed as having pyometra by transrectal ultrasonography (characterized by an accumulation of purulent or mucopurulent exudates in the uterus). They were then treated with intramuscular injections either of PGF 2α or 2.0 ml of Resipron ® (0.25 mg of cloprostenol/ml; ASKA Pharmaceutical Co., Ltd., Tokyo, Japan) in 16 animals with a functional corpus luteum (CL) or by uterine lavage with 2.0 l of sterile physiological saline in the remaining two animals with no CL. One week after the treatment, all of the cows were confirmed to have no pyometra (no purulent fluid or fluid accumulation in the uterine lumen), no functional CL and no estrous signs and were diagnosed from a cytobrush sample and vaginal mucous score as having clinical endometritis: all cows showed a PMN% >10% [25] . Then, the 18 cows were randomly divided into two groups and treated with either 2.0% (n=9) or 0.5% PVP-I (n=9). The mean days postpartum in each group at the time of PVP-I treatment were 78.1 ± 25.6 and 102.7 ± 26.6 days, respectively, and the difference between the two groups was not significant (P=0.52). At the time of PVP-I treatment (week zero, W0), cytology samples of the endometrial epithelium were collected aseptically using a cytobrush. Cytology slides were prepared by rolling the brush onto two clean microscope slides for each sample, fixed with cytofixative (Cytokeep II, Alfresa Pharma Corp., Osaka, Japan) immediately at the farm, stained with Diff-Quik stain (Sysmex Corp., Kobe, Japan) at laboratory, washed in distilled water and air-dried. Cytological assessment was used to determine the percentage of PMNs by counting a minimum of 200 nucleated cells [15] . Vaginal mucus was collected using a Metricheck ® device (Simcro Tech Ltd., Hamilton, New Zealand), and the vaginal mucus score (VMS) was recorded on a 0-4 scale [25] . For bacterial cultures, sterilized swabs were rolled against the cytobrush, placed in transport medium (Seed Swab No. 3, Eiken Chemical Co., Ltd.) on the farm and inoculated onto blood agar plates in the laboratory. These culture medium plates were incubated at 37°C for 48 hr under aerobic and anaerobic conditions. The presence of bacterial infection was recorded as the growth of five or more colonies, and the bacterial infection rate was defined as the proportion of the number of animals with bacterial infection over the total number of animals in each group. After collecting endometrial and vaginal samples, 50 ml of either 2.0% or 0.5% of PVP-I were administered into the uterus at W0. Additional endometrial and vaginal samples were collected and processed at W1 and W2 after treatment in the same manner as at W0. No further treatment was conducted.
To evaluate the effect of treatments on subsequent reproductive performance, the intervals from the treatment to first artificial insemination (AI) service (days to first service), the first service conception rate, the number of AI services per conception and days to conception were recorded. All of the animals used in Experiment 2 were inseminated and diagnosed for pregnancy by ultrasonography at 30 to 36 days after AI, and all of them became pregnant during the experimental period.
Statistical analysis: Statistical analysis was performed using the statistical software EZR version 1.27 (http://www. jichi.ac.jp/saitama-sct/SaitamaHP.files/statmedEN.html) [12] . Differences between two groups or within groups were evaluated by Welch's unequal variances t test (Experiment 1), the Mann-Whitney nonparametric U test (PMN%, VMS and subsequent reproductive performance in Experiment 2), Two-way analysis of variance without replication was ap-plied to the PMN% and VMS values in Experiment 2, and Fisher's exact probability test was used for the bacterial infection rate in Experiment 2. Results are expressed as the mean ± standard error of the mean (SEM) or as a percentage.
RESULTS

Experiment 1:
In both groups, bacterial growth inhibition rates were 99.8-100%, with no significant differences ( Table  1) . There were also no significant differences in the numbers of colonies between the two groups ( Table 2) .
Experiment 2: PMN%. Changes in PMN% before and after PVP-I treatment are shown in Fig. 1 . By W2, the PMN% had decreased significantly (P<0.01) compared with that at W0 in both groups (44.9 ± 9.3% to 1.4 ± 0.5% and 45.6 ± 12.5% to 7.0 ± 3.7%, in the 2.0% group and 0.5% groups, respectively). In addition, the PMN% at W2 in the 2.0% group (1.4 ± 0.5%) was significantly (P<0.05) lower than in the 0.5% group (7.0 ± 3.7%).
Experiment 2: VMS. In both groups, the VMS decreased steadily after treatment until W2, and there was no significant difference between the two groups (Fig. 2) .
Experiment 2: bacterial infection rates. At W0, bacterial infection rates were 100% in the 2.0% group and 77.8% in the 0.5% group. The rates decreased to 11.1% in the 2.0% group and 22.2% in the 0.5% group by W2. Isolated bacteria were T. pyogenes (81.3%), Staphylococcus spp. (9.4%), Escherichia coli (6.3%) and Achinetobacter spp. (3.1%) (Fig. 3 and Table 3 ).
Experiment 2: subsequent reproductive performance. Differences in all four parameters of subsequent reproductive performance (days to first AI service, first AI service conception rate, number of AI services per conception and days to conception) were not significant between the two groups. However, the first AI service conception rate was 11% higher, and the number of AI services per conception was 0.8 times lower in the 2.0% group than in the 0.5% group (Table 4 ). In addition, the mean time to conception following AI in the 2.0% group (95.1 ± 18.4 days) tended to be shorter (P=0.06) than in the 0.5% group (127.2 ± 35.7 days).
DISCUSSION
In this study, we validated a 2.0% concentration of PVP-I to treat clinical endometritis in the dairy cow.
In Experiment 1, the 0.5% PVP-I killed bacteria as effectively as 2.0% PVP-I. Both concentrations showed high antiseptic effects by inhibiting more than 99.9% of bacterial growth, against all of the bacteria isolated from endometrial membranes. With regard to contact time, exposure for 30 sec showed a very effective bacterial growth inhibition for all of the bacterial species examined in this study. Bacterial exposure to 2.5% PVP-I for 15 sec showed a sufficient antiseptic effect [11] . Here, we found that the antiseptic effect of PVP-I was immediate and that 0.5% had the same effect as 2.0% in vitro.
In Experiment 2, we attempted for the first time to determine the proper concentration of PVP-I as a means of treating bovine endometritis by successive weekly observations of uterine cytology collected using a cytobrush. All of the cows used in this experiment had recuperated from pyometra a week previously. After evacuating the accumulation of pus in the uterus at W0, the cows in both groups had a very high PMN%. This was more than four times the threshold level reported for bovine endometritis [25] and could be regarded as indicating severe endometritis. Therefore, the animals used in this study served as ideal patients to evaluate the efficacy of treatment for this disease. In this experiment, the PMN%, VMS and bacterial infection rate decreased after treatment by intrauterine infusions of PVP-I in both groups, and the treatment was proved to be effective both cytologically and bacteriologically. In a previous report, the PMN% of postpartum cows decreased over time, normally showing less than 6.0% at 5 weeks postpartum and less than 4.0% at 8 weeks [3] . In other words, a PMN% of >4.0% at 8 weeks indicates a pathological level of uterine inflammation, namely subclinical endometritis. All of the cows in this study were at more than 8 weeks postpartum. If they had recovered to normal by the PVP-I treatment, the PMN% should have been lower than 4.0% by W2. Therefore, the diagnostic cut-off point for endometritis was set as 4.0%. In fact, although the PMN% in the 0.5% group decreased significantly after treatment, the PMN% at W2 was significantly higher than in the 2.0% group, as was the bacterial infection rate. Thus, bacterial infection as well as endometrial inflammation persisted at W2 in the 0.5% group. In theory, concentrations of PVP-I close to 0.1%-the concentration known to release maximum free iodine and show antiseptic effects in vitro-should be more antiseptic and less toxic for endometrial epithelium [28, 29] . However, the results of Experiment 2 contradicted this. Presumably, the efficacy of free iodine might have been reduced by the presence of even such a small amount of organic materials as ultrasonography cannot detect them in the uterus after the removal of accumulated pus. Therefore, the final concentration of iodine in the 2.0% group might have been closer to 0.1% [23] , so 2.0% PVP-I was more effective in treating cows with severe endometritis.
In Experiment 2, one of the most commonly isolated bacterial species from cows with endometritis was Trueperella pyogenes (formerly Arcanobacterium pyogenes). This is among the most typical bacteria species causing endometritis in dairy cattle, although other previously reported pathogenic bacteria, such as Fusobacterium necrophorum, Mannheimia haemolytica, Bacteroides spp. and Prevotella spp. [4, 6, 30] , were not detected. As the bacterial infection rate in both groups declined gradually after treatment, and all the cows, including the three cows from which T. pyogenes was isolated at W2, became pregnant without further treatment, intrauterine infusions of 2.0% and 0.5% PVP-I effectively inactivated T. pyogenes, consistent with the results of Experiment 1. Effectiveness of intrauterine infusions of PVP-I in curing endometritis caused by other pathogenic bacteria needs to be elucidated in future research.
There was a significant difference (P<0.05) where the PMN% was higher at W2, in the 0.5% group, and there was a tendency (P=0.06) that the time to conception after AI treatment was longer. Together with the results on cytology and bacteriology, we suggest that intrauterine infusion of 2.0% PVP-I appears to be more effective than 0.5% PVP-I as the choice of treatment for bovine endometritis. Even though we did not use infusions of sterile physiological saline as controls in this study, the finding that 2.0% PVP-I performed better than 0.5% PVP-I suggests that this is an effective treatment for severe clinical endometritis, such as conditions immediately after cure from pyometra. An association between the PMN% at 4 hr after AI and reproductive performance has been reported [16] . However, the threshold PMN% at the time of AI that could affect subsequent reproductive performance as well as indicating the appropriate timing for treating endometritis should be clarified in future studies.
In conclusion, intrauterine infusion of 2.0% PVP-I was more effective than 0.5% PVP-I for treating severe clinical endometritis in these dairy cattle. 
